The pattern of flavivirus infection in mosquitoes belonging to the genera Aedes and Culex collected in two regions of north-eastern Italy (Trentino and Veneto) was assessed. Mosquitoes were collected during 2012 and screened for flaviviruses using a generic reverse transcriptionnested-PCR targeted on a region of the non-structural NS5 gene. The phylogenetic analysis was performed on a fragment of~1000 bp. Virus isolation was attempted in C6/36 insect cell lines and the infected cell cultures were studied by electron microscopy. We detected a wide distribution of Aedes flavivirus (AeFV) in Aedes albopictus, with higher infection prevalence in Trentino than in Veneto. In Culex pipiens collected in Veneto, we detected a new sequence of an insect-specific flavivirus and one of Usutu virus. Interestingly, we detected AeFV in C. pipiens, for the first time to our knowledge, in both regions. Viral isolation in cell culture was successful for AeFV. AeFV sequences found in Veneto showed a high percentage of similarity to those detected in Trentino and to those previously reported in other areas of northern Italy. Co-infections with different flaviviruses were not detected.
INTRODUCTION
The genus Flavivirus (family Flaviviridae) comprises .70 viruses that, according to their mechanism of transmission, are included in one of the following three groups: (1) those infecting a range of vertebrate hosts through mosquito or tick bites, called 'arthropod-borne viruses', (2) those spread without a known vector, presumed to be limited to infecting vertebrates only, and (3) those apparently limited to insects alone, called 'insect-specific flaviviruses' (ISFs) (Ishikawa & Konishi, 2011; Huhtamo et al., 2012 and references therein). The flavivirus genome contains genes coding for three structural proteins (capsid, premembrane and envelope) and seven non-structural proteins (NS1, NS2A, NS2B, NS3, NS4A, NS4B and NS5) (Lindenbach et al., 2006) . Regions encoding envelope, NS3 and NS5 are the most frequently used for phylogenetic analysis of flaviviruses. The inclusion of ISFs in the genus Flavivirus is supported by similarities with other flaviviruses in terms of genomic organization, polyprotein hydropathy profiles and cleavage sites, but they are not able to replicate in mammalian cells and they have been isolated only in mosquito-derived cells (Kuno, 2007; Hoshino et al., 2009; Bolling et al., 2011; Cook et al., 2012; Haddow et al., 2013) . as dengue virus, Japanese encephalitis virus, yellow fever virus, tick-borne encephalitis virus, West Nile virus (WNV) and Usutu virus (USUV) (Gubler et al., 2007) . In Italy, WNV has the greatest impact on human and animal health, and since it was first detected in 1998, it is now widely reported in humans, animals (mammals and birds) and mosquitoes, with the highest prevalence in the northeastern part of the country. The virus has caused .100 cases of human neuroinvasive disease and .50 cases of WNV fever (West Nile Disease National Epidemiological Bulletins: http://sorveglianza.izs.it/emergenze/west_nile/emergenze_ en.html; Rizzo et al., 2012; Barzon et al., 2013a; Ciccozzi et al., 2013) . USUV is another emerging pathogenic flavivirus, reported in several African countries since 1959 (Williams et al., 1964) . The first European case of USUV was discovered in birds in Italy in 1996 (Weissenböck et al., 2013) . Since then, it has been widely detected in Italy and in other European countries, including Austria, Hungary, Switzerland, Czech Republic, England, Spain and Germany, in both animals and mosquitoes, with an increasing trend of animal infections (Weissenböck et al., 2002; Lelli et al., 2008; Manarolla et al., 2010; Tamba et al., 2011; Vázquez et al., 2011; Cerutti et al., 2012; Ravanini et al., 2012; Buchebner et al., 2013; Calzolari et al., 2013a; Höfle et al., 2013) . In Europe, USUV has been recognized as a candidate human pathogen in Austria (Weissenböck et al., 2007) , Italy (Cavrini et al., 2009; Pecorari et al., 2009; Savini et al., 2011; Gaibani et al., 2012 Gaibani et al., , 2013 Pierro et al., 2013) and Croatia (Vilibic-Cavlek et al., 2014) , but the pathogenicity for humans still requires further assessment.
With regard to the ISFs, the first discovered was cell-fusing agent virus (CFAV), isolated in 1975 from the culture fluid of a cell line established from the mosquito Aedes aegypti (Stollar & Thomas 1975; Cammisa-Parks et al., 1992) . Since then, it has been detected in wild-caught mosquitoes in Puerto Rico (Cook et al., 2006) , Thailand (Kihara et al., 2007) and Mexico (Espinoza-Gó mez et al., 2011) . Over the past 40 years, many other ISFs have been isolated and identified from field-collected mosquitoes, belonging to different species, in several locations (Ferreira et al., 2013; Haddow et al., 2013; Papa et al., 2014) . These include Kamiti River virus (KRV), Culex flavivirus (CxFV), Spanish Culex flavivirus, Culex theileri flavivirus, Aedes flavivirus (AeFV), Aedes vexans flavivirus (AeveFV), Czech Aedes vexans flavivirus, Aedes galloisi flavivirus, Aedes cinereus flavivirus, Ochlerotatus flavivirus (OcFV), OcFV from Portugal, Spanish OcFV, Quang Binh virus, Nakiwogo virus, Calbertado virus, Chaoyang virus and Hanko virus.
Integrated sequences or DNA forms related to ISFs have already been described in Aedes aegypti, Aedes vexans, Aedes albopictus, Ochlerotatus caspius and Ochlerotatus spp. mosquitoes (Crochu et al., 2004; Cook et al., 2009; Roiz et al., 2009; Calzolari et al., 2010a; Sánchez-Seco et al., 2010; Vázquez et al., 2012; Ferreira et al., 2013; Haddow et al., 2013; Papa et al., 2014) .
ISFs have also been detected in other insects, such as sandflies in Algeria and Spain (Moureau et al., 2010; Sánchez-Seco et al., 2010) , and as flavivirus-related sequences in adult chironomids in France .
Despite their non-pathogenicity for humans and animals, and their apparent inability to replicate in vertebrate cells, ISFs have recently gained attention with respect to their ecological and evolutionary relationships with other important disease-causing flaviviruses. An important field of research is the analysis of viral co-infections which can lead to different outcomes, such as 'super-infection exclusion', or enhanced transmission or replication (Farfan-Ale et al., 2010; Newman et al., 2011; Bolling et al., 2012; Vázquez et al., 2012; Hobson-Peters et al., 2013) . Super-infection exclusion has been postulated as a mode of competition for hosts between related viruses: a mosquito infected with ISFs may be resistant or less competent to harbour and transmit another related virus (Sánchez-Vargas et al., 2004; Lee et al., 2005) . In this case, ISFs could provide indirect protection against the transmission of related pathogenic flaviviruses (Bolling et al., 2012; Kenney et al., 2014) . However, evidence of super-infection exclusion has not always been reported in cases of viral co-infections. For example, Kent et al. (2010) found that CxFV Izabal strain did not affect the vector competence of Culex quinquefasciatus for transmitting WNV when mosquitoes were infected sequentially in the laboratory, and Crockett et al. (2012) found no evidence supporting an association between WNV and CxFV infection prevalence in wild mosquitoes.
In Italy, several ISFs have been reported in regions in the northern part of the country (Trentino, Veneto, EmiliaRomagna, Lombardia and Piemonte), namely AeFV in Aedes albopictus mosquitoes, OcFV in Ochlerotatus caspius and Culex pipiens, AeveFV in Aedes vexans, and Aedes cinereus/geminus flavivirus in Aedes cinereus/geminus (Roiz et al., 2009 (Roiz et al., , 2012 Calzolari et al., 2010a Calzolari et al., , b, 2012a Calzolari et al., , 2013a Cerutti et al., 2012; Ravanini et al., 2012; Pautasso et al., 2013) . Moreover, DNA sequences related to AeFV were identified in wild Aedes albopictus mosquito collected in 2007 (Roiz et al., 2009 ).
In Trentino, evidence of WNV and USUV circulation has been detected sporadically through seroconversion of sentinel chickens in 2005, but no evidence of current active virus shedding from birds or occurrence in mosquitoes has been recorded so far (Rizzoli et al., 2007; Grisenti et al., 2013) . A completely different eco-epidemiological situation characterizes Veneto, where WNV (Filipponi et al., 2005 (Filipponi et al., , 2007 Calistri et al., 2010; Barzon et al., 2013a, b) and USUV (Regione del Veneto, 2011 Busani et al., 2011; Savini et al., 2011; Engler et al., 2013; Gobbi et al., 2014) have been detected on several occasions during the past 10 years, and now circulate endemically with periodical outbreaks.
Conversely, the eco-epidemiology of ISFs seems to differ amongst these two Italian regions.
Specifically, in Trentino, ISFs have been detected in Aedes albopictus since 2007 when AeFV DNA sequences were identified from wild-caught Aedes albopictus mosquitoes (Roiz et al., 2009) . In 2008, the same AeFV was identified and isolated in C6/36 cell cultures, and sequences supposed to be Aedes cinereus/geminus flavivirus were detected in one pool of Aedes cinereus/geminus mosquitoes (Roiz et al., 2012) . In Veneto, however, the only reported detection of ISFs was DNA sequences from AeFV integrated in the genome of Aedes albopictus collected in 2007 (Roiz et al., 2009) . The reasons for these disparities in the pattern of flavivirus infection in mosquitoes in north-eastern Italy have not yet been clarified.
Due to increasing reports of ISFs being detected globally, it is therefore important to improve our knowledge regarding their geographical distribution and ecology, especially to gain insights into the potential consequences of ISF infection on the vectorial capacity of mosquitoes.
The aim of the current study was, therefore, to analyse the flavivirus infection pattern in mosquitoes collected from two regions of north-eastern Italy (Veneto and Trentino), which are characterized by significant differences in ecological conditions and epidemiological patterns regarding the most important zoonotic flavivirus infections emerging in Europe, such as WNV and USUV.
RESULTS
From Veneto, we collected a total of 52 096 females and 1190 male mosquitoes belonging to Ochlerotatus geniculatus, O. caspius, Culex pipiens, Culex territans, Culex modestus, Culiseta annulata, Anopheles maculipennis complex, Anopheles plumbeus, Aedes albopictus, Aedes vexans, Aedes cinereus/geminus and Aedes koreicus species. Female mosquitoes were divided in 1452 pools and males into 144 pools. We selected 374 of the female pools for flavivirus screening (total number of mosquitoes: 12 266), belonging to O. geniculatus, O. caspius, Culex pipiens, Culex territans, Culex modestus, Anopheles maculipennis complex, Aedes albopictus, Aedes vexans and Aedes koreicus species. In total, 9.8 % (37/374) of these pools tested positive for flavivirus (Table 1 ). The sequences detected in this work were grouped in three clusters: two belonging to ISFs and one to the mosquito-borne flavivirus group (Fig. 1) . One sequence related to USUV was detected in Culex pipiens captured in the town of Erbè (Verona Province; GPS 45.241530, 10.969546). The attempts to amplify a longer fragment to carry out phylogenetic analysis and isolation in Vero and C6/36 cells were negative. In order to gain better insight into the evolutionary relationship of circulating USUV, molecular characterization and phylogenetic analysis were performed on one strain detected in the same place in 2011. This USUV was isolated on C6/36 cells and 1000 nt were amplified, showing 100 % homology with the Italian USUV strain detected in Bologna in 2009 (GenBank accession number JF266698).
We obtained 35 sequences related to AeFV that were detected in Culex pipiens (n51) and Aedes albopictus (n534) mosquito pools, and they shared 97 % identity in 1048 nt with AeFV strains detected previously in Italy during 2007 and 2008 in Aedes albopictus. We attempted viral isolation in C6/36 cells of 17 positive samples and we successfully isolated only the AeFV from one pool of Aedes albopictus, which showed a moderate cytopathic effect (CPE) at 5-7 days post-infection (cell aggregation), as previously described for this group of viruses (Parreira et al., 2012; Vázquez et al., 2012) . Viral RNA was successfully amplified from the supernatant at 7 days postinfection using the method described by Vázquez et al.
and flavivirus-like particles, enveloped virions of 50-60 nm in diameter, were seen by transmission electron microscopy, in both infected cells and the supernatant of the cell culture (Fig. 2) .
Finally, a new sequence grouped in a new cluster in the ISF group was found in another pool of Culex pipiens, whose BLAST analysis of 739 nt shared 60 % similarity with the flavivirus-like sequence described recently from adult chironomids captured in France in 2011 (GenBank accession number KF298267). Genetic distance analysis between this sequence and the other ISF sequences showed identities of 59, 56, 55 and 52 % compared with KRV, CFAV, CxFV and AeFV, respectively. These data suggested that this sequence was potentially divergent from the ISFs already known and could be considered as a new strain (Fig. 1) . We were unable to isolate the virus when we inoculated the sample into C6/36 cells. To test whether the positive pools were the result of genomic RNA amplification or DNA forms, we selected some nucleic acid extracts from each group and they were treated with RNase A (Sigma-Aldrich) before amplification without the previous retro-transcription step (Sánchez-Seco et al., 2010) . RNase treatment failed to amplify a flavivirus product, suggesting that the sequences obtained were most likely derived from RNA, probably of viral origin.
In Trentino, we collected a total of 1622 female, divided into 142 pools, and 464 male mosquitoes divided into 66 pools, belonging to O. geniculatus, Culex pipiens, Culex hortensis, Aedes albopictus, Anopheles maculipennis complex and Anopheles plumbeus species. We selected 124 female pools (total number of mosquitoes: 1431) and 14 male pools (total number of mosquitoes: 28) for flavivirus screening, belonging to O. geniculatus, Culex pipiens, Culex hortensis, Aedes albopictus and Anopheles maculipennis complex species. In total, two pools of Culex pipiens and 60 pools of Aedes albopictus were positive for AeFV (50 %, 62/124) ( Table 1 ). The sequences of these AeFV were similar to the sequences of AeFV detected in mosquitoes from Veneto (Fig. 1) . We attempted viral isolation from six Aedes albopictus-positive pools which were inoculated into C6/36 cell cultures and we isolated the virus from three of them. In two pools, starting from 3-4 days post-inoculation, we obtained evident CPE (cellular detachment from the monolayer and characteristic cell aggregation); rhabdovirus-like and flavivirus-like particles were observed by transmission electron microscopy in the cell culture, and AeFV viral RNA was detected in the supernatant by reverse transcription (RT)-PCR (Dietzgen & Kuzmin, 2012; Parreira et al., 2012; Vázquez et al., 2012) . No flaviviruses were detected in O. geniculatus, Culex hortensis and Anopheles maculipennis complex collected in Trentino nor in O. caspius, Culex territans, Culex modestus, Anopheles maculipennis complex, Aedes vexans, O. geniculatus and Aedes koreicus collected in Veneto. AeFV prevalence in Culex pipiens and Aedes albopictus was calculated, taking into account the number of mosquitoes present in each pool analysed (Table 2) .
Regarding the factors influencing AeFV prevalence, mosquito genus was found to be statistically significant and Culex spp. individuals were less infected than Aedes spp. individuals. Regarding the geographical disparities, mosquitoes from Veneto were less infected than mosquitoes collected in Trentino, despite the mosquito density being higher in Veneto (Table 3) . Co-infection with ISFs and other flaviviruses was not detected in any of the pools examined.
In total, 99 sequences (37 from Veneto and 62 from Trentino) were obtained in this study from pools of different species of mosquitoes. The phylogenetic analysis performed on the partial NS5 gene showed that the sequences were grouped in three different clusters ( Fig. 1) : one of them contained sequences of AeFV detected from Aedes albopictus and Culex pipiens mosquitoes collected in Veneto and Trento; one was from a new sequence detected in a pool of Culex pipiens from Veneto and one was a sequence of USUV detected in Culex pipiens from Veneto. Representative nucleotide sequences obtained from the three different groups of sequences reported here have been submitted to GenBank (accession numbers KM871198-KM871202).
DISCUSSION
In this study, we confirmed and detected a wide distribution of AeFV in Aedes albopictus in the Trentino and Veneto regions of northern Italy with variable patterns of infection. In Culex pipiens, we detected AeFV for the first time, and a new sequence of an ISF, as well as confirming the occurrence of USUV in Veneto.
The prevalence of AeFV infection in Aedes albopictus in both regions was higher than the prevalence of other ISFs in other mosquito species collected within the two regions and this is in agreement with similar studies that were carried out either in Italy (Calzolari et al., 2010a (Calzolari et al., , 2012b Cerutti et al., 2012) or abroad (Tyler et al., 2011; Machado et al., 2012; Zuo et al., 2014) . In previous studies, seasonality was shown to be an important factor affecting AeFV detection (Kim et al., 2009; Calzolari et al., 2010a) . This has previously been described in Trentino by Roiz In their study, they detected a high AeFV prevalence (mean 86.6 %) in Aedes albopictus, which increased with mosquito abundance and peaked at the beginning of the season (Roiz et al., 2012) . However, in the current study, seasonal variation in AeFV prevalence was not observed.
When comparing the two regions where mosquito sampling was carried out for this study, we found a higher viral diversity in Veneto where three different sequences of flaviviruses were detected (AeFV, USUV and a new ISF), whilst only AeFV was identified in Trentino. Moreover, the prevalence of AeFV in Aedes albopictus in Trentino was higher than in Veneto and this result is supported by previous research carried out in 2008 (Roiz et al., 2009 (Roiz et al., , 2012 , and it was also higher compared with the prevalence of ISFs detected in other northern Italian regions (e.g. Lombardia, Emilia-Romagna and Piemonte) (Roiz et al., 2009 (Roiz et al., , 2012 Calzolari et al., 2010a Calzolari et al., , b, 2012a Calzolari et al., , 2013a Cerutti et al., 2012; Ravanini et al., 2012; Pautasso et al., 2013) .
These results support the hypothesis that the local ecological and climatic conditions may shape not only the abundance and distribution of mosquito populations (Roiz et al., 2010 (Roiz et al., , 2011 Trawinski & Mackay, 2010) , but also their viral infection pattern (Newman et al., 2011; Calzolari et al., 2012b; Obara-Nagoya et al., 2013) . The ecological and climatic conditions of the two study areas differ not only in climate, but also in the degree of anthropization, biodiveristy and land use. Veneto is a region characterized by a continental climate, high anthropization, and intense agricultural and industrial activities, whilst Trentino is mostly a mountainous and forested area with a temperate climate, and a lower degree of anthropization and agricultural land. More research is now needed, however, to better understand the effect of environmental variables on AeFV ecology.
In Trentino, infection prevalence with AeFV was higher in female mosquitoes than in males in which no flaviviruses were detected, but these findings may be related to the small number of male pools analysed and to the low infection levels (Cook et al., 2006; Farfan-Ale et al., 2009; Roiz et al., 2009 Roiz et al., , 2012 Bolling et al., 2011; Saiyasombat et al., 2011; Haddow et al., 2013) .
Regarding ISF transmission routes, there is evidence that both vertical and horizontal transmission are possible, as trans-ovarial transmission, horizontal transmission between larvae sharing the same aquatic habitat, transmission via shared microparasites and infection via shared sugar-rich food sources have been reported .
The phylogenetic analysis showed that the AeFV sequences detected in Veneto were very similar to those detected in Trentino, and to those previously detected in these two regions and also further afield in Italy (Roiz et al., 2009 (Roiz et al., , 2012 Calzolari et al., 2012b) . The high sequence identity of the virus that was detected in Aedes albopictus mosquitoes to those isolated in Japan would corroborate the hypothesis that these two viruses are the same or closely related (Roiz et al., 2012) , but the analysis of the complete genome of these strains would be necessary to confirm this. It is thought that Aedes albopictus has most likely brought AeFV during its recent expansion from Japan to North America and Europe (Hawley et al., 1987; Rai, 1991; Benedict et al., 2007; Enserink, 2008; Bonizzoni et al., 2013) . It has also been suggested that the nucleotide sequence is relatively well conserved because ISFs are not harmful to the mosquito host and because NS5 is not affected by host immunity (Obara-Nagoya et al., 2013) . This result agrees with the discovery of high genome similarity between ISFs circulating in several European countries, demonstrating the widespread presence of different ISFs in Europe related to others isolated or detected worldwide and the high rate of gene flow amongst mosquito populations (Calzolari et al., 2012b; Cook et al., 2012; Obara-Nagoya et al., 2013) .
In this study, we reported for the first time the detection of AeFV sequences from Culex pipiens from Veneto and Trentino. This result was unexpected because, at least to our knowledge, ISFs were thought to be maintained principally in a specific host genus, e.g. AeFV in Aedes spp., OcFV in Ochlerotatus spp. and CxFV in Culex spp. (Sánchez-Seco et al., 2010; Calzolari et al., 2012b; ObaraNagoya et al., 2013) . This close association between viral strains and mosquito genus has also been found in other studies carried out in northern Italy (Roiz et al., 2009 (Roiz et al., , 2012 Calzolari et al., 2010a; Cerutti et al., 2012) . Further research efforts are therefore required to clarify the ecological rules that drive transmission and circulation of these viruses amongst different genera, and how cross-infection could lead to potential biological advantages for the viruses other than affecting the vectorial capacity of mosquitoes.
We also found a sequence of a new ISF in one pool of Culex pipiens collected in Veneto that had not been reported previously. Although further work is needed to confirm the identity of this new species of virus, this finding demonstrates that potentially new flaviviruses could be detected in the near future in these species of mosquito. Furthermore, it is unclear if AeFV and/or these new ISFs in Culex pipiens (the main vector of WNV and USUV in Italy) may interact with other pathogenic flaviviruses within the vector, thus affecting, either in a positive or negative direction, their transmission dynamics. More studies on viral interference of these ISFs with other pathogenic flavivirus in vitro (cell culture) or in vivo (mosquito inoculation) are therefore urgently required to test this hypothesis.
The detection of USUV in Veneto during two consecutive years showing total sequence homology in 1000 nt within the USUV strain previously detected in the neighbouring region (Emilia-Romagna) in 2009 suggests a wide endemic viral circulation of this strain in northern Italy and in this specific area (Peletto et al., 2012) .
We were not able to isolate the new ISF and we isolated AeFV only from four pools of mosquitoes out of 23. This is not surprising as other studies have also reported problems in isolating ISFs in cell cultures and the presence of an evident CPE sometimes appeared to be viral strain specific (Hoshino et al., 2009; Kim et al., 2009; Calzolari et al., 2010a Calzolari et al., , 2012b Huhtamo et al., 2012; Chen et al., 2013) .
Finally, for the first time to our knowledge, the new invasive species Aedes koreicus has been screened for flavivirus and all the samples tested were negative. However, as we could analyse only a very small number of mosquitoes at this time (11 females), further studies are needed to verify the apparent lack of ISF infection in this mosquito species.
In conclusion, the viral screening of mosquitoes collected within entomological surveillance programmes has been demonstrated to be an effective early warning system for the detection of viral circulation, and for predicting the infection hazard for humans and animals (Calzolari et al., 2013b) . This study highlights the urgent need for more experimental studies and research in the field of viral coinfections in mosquito vectors to clarify the consequences of a high prevalence of ISFs in Aedes albopictus and Culex pipiens on the vectorial capacity of mosquitoes.
METHODS
Mosquito collection. Mosquitoes were captured between May and October 2012, from two regions located in north-eastern Italy: Veneto and Trentino. In each region, BG-Sentinel traps (BioQuip) were placed in a rural and an urban environment. The traps were set up with BG-Lure attractant (BioQuip) and dry ice as a source of carbon dioxide, and were checked every 2 weeks (Fig. 3) . The traps worked for 24 h after being baited with dry ice. In Veneto, the traps (n520) were placed in Pianura Padana, which is characterized by a mild climate, irrigated areas, wetlands, marshes, and intensive agriculture and animal husbandry. Trentino is a mountainous region with~70 % of the territory .1000 m above sea level, and~55 % covered by coniferous and deciduous forests, with principally a temperateoceanic climate. The traps (n510) were located around Lake Garda, the only part of Trentino where a sub-Mediterranean climate can be found (Roiz et al., 2011) . Captured mosquitoes were killed by placing them at 280 uC for 10 min and were identified to the species level on a chill table using morphological characteristics according to classification keys (Becker et al., 2010; Schaffner et al., 2011) . Mosquitoes were then pooled in Eppendorf tubes according to date, trap, species and gender with a maximum number of 50 individuals per pool. To preserve the samples, a solution composed of Eagle's minimal essential medium (SAFC Biosciences) supplemented with 10 % (v/v) FBS (Thermo Scientific; HyClone) and a mixture of 0.5 % (w/v) antibiotics (0.5 mg penicillin ml -1 and 0.5 mg streptomycin ml -1 ; EuroClone) was added. If .30 mosquitoes were present in these pools, 700 ml of this solution was added; if there were ,30 mosquitoes, 500 ml was added. The pools were stored at 280 uC until analyses.
The USUV strain used in this work for molecular and phylogenetic studies was obtained during viral mosquito surveillance carried out during 2011 in Veneto.
Flavivirus screening. Viral RNA was extracted from 140 ml mosquito pools or cell culture supernatants by using a QIAamp Viral RNA kit (Qiagen) according to the manufacturer's recommendations. Positive and negative controls were included in the analyses. Flavivirus detection was performed using a generic RT-nested-PCR designed in the NS5 gene, as described by Sánchez-Seco et al. (2005) . RT-PCR was conducted using a One-Step RT-PCR kit (Qiagen). The samples positive for flavivirus were selected for further analysis by using the RT-nested PCR method described by Vázquez et al. (2012) . The amplicons of 1019 nt in the NS5 gene obtained with this method contained sufficient phylogenetic information for taxonomic studies. The final amplified products for both reactions were analysed by electrophoresis on a 1.5 % (w/v) agarose gel (Sigma) and visualized by GelRed staining (Biotium). The amplicons were purified using a QIAquick PCR Purification kit (Qiagen) according to the manufacturer's instructions and sequenced in both directions. The sequences obtained were compared with those available in public databases.
Cell culture, virus isolation and electron microscopy studies.
For some positive samples, virus isolation was attempted in C6/36 cell lines (from Aedes albopictus) incubated at 33 uC. A total volume of 100 ml macerated mosquito supernatants was inoculated into 25 cm 2 flasks with C6/36 cells. After absorption for 2 h at 33 uC, 5 ml maintenance medium was added. Cells were observed daily for CPE. The culture supernatants were collected after a minimum of three blind passages and stored at 280 uC until tested by RT-PCR. Fresh supernatants and cells from CPE-positive cultures were used for electron microscopy studies. The supernatants were fixed at a final concentration of 2 % (w/v) glutaraldehyde, clarified by low-speed centrifugation, ultracentrifuged at 35 000 r.p.m. for 60 min in a Type 50 Ti Beckman rotor at 4 uC and negatively stained with 2 % (w/v %) neutralized sodium phosphotungstate. The cell monolayers were fixed with 2 % (w/v) glutaraldehyde, and were put together with the cell pellets from the supernatant clarifications, dehydrated in serial ethanol and embedded in epoxydic resin for ultrathin sectioning in a Ultracut UC6 ultramicrotome. Viral particles were identified according to their ultrastructural characteristics in a Tecnai 12 or a Philips CM12 electron microscope.
Phylogenetic analysis. The sequences obtained in this study from different species of mosquito were compared with sequences obtained from other members of the genus Flavivirus using BLAST (http://blast. ncbi.nlm.nih.gov/Blast.cgi). Sequences were assembled and manually edited using the program SeqMan (DNASTAR software). The multiple sequence alignment CLUSTAL_W algorithm within the MEGA5 software package (Tamura et al., 2011) was used to obtain an optimal sequence alignment file, with manual adjustment to maintain a correct reading frame. Phylogenetic analyses were conducted on 1055 nt of the NS5 gene with the sequences obtained in this study and other representative flaviviruses, using the distancebased neighbour-joining method and distance-p model. The reliability of the inferred neighbour-joining trees was evaluated by bootstrap analysis of 1000 data replicates. The sequences obtained from the large fragment of the NS5 gene were submitted to GenBank and the accession numbers are indicated in the phylogenetic tree.
Statistical analysis. Generalized linear models with binomial error distributions were used to assess how AeFV infection was affected by the following explanatory variables: region (Veneto versus Trentino) and environment (urban versus rural) of sampling sites, month of sampling (from May to October), mosquito genus, and the size of the pool used to test the presence of the virus in mosquitoes. In addition, all two-way interaction terms amongst explanatory variables were included in the full model. Multi-model inference (Burnham & Anderson, 2002 ) was used to compare all possible models using the R package 'MuMIn' (Barton, 2013) . Models were ranked using Akaike information criterion (AIC), and differences in AIC (DAIC) between consecutively ranked models were used to calculate weights and relative evidence ratios for each variable. The best models were selected using a threshold of DAIC¡2 (Burnham & Anderson, 2002) . All variables included in the best models were ranked according to their importance (weight) and the mean coefficient for each variable was calculated.
